ABSTRACT Hepatitis C virus (HCV) infection is a major public health problem in the Middle East. A database of 400 patients with chronic HCV in Qatar was retrospectively analysed: 242 patients underwent antiviral treatment, of whom 212 (87.6%) were naïve to treatment. The response to treatment and the predictors of response were studied. The largest group of patients were of Egyptian origin. The rate of sustained virological response (SVR) varied significantly between patients with HCV genotypes 2 or 3 (79.6%) and genotype 1 (45.6%) and 4 (the predominant genotype) (51.0%). Multivariate analysis showed that the independent predictors of SVR were age < 45 years, infection with genotypes 2 or 3, low fibrosis score on liver biopsy and naïve treatment status.
Introduction
Chronic hepatitis C virus (HCV) infection is a major public health problem affecting more than 170 million people worldwide [1] . Around 20% of these patients are at risk of developing cirrhosis and liver failure [2] . The prevalence of chronic HCV varies from 0.5%-1% in low-prevalence areas to over 20% in high-prevalence areas such as Egypt [1] .
The Gulf state of Qatar attracts a large number of expatriate workers from neighbouring countries and South-East Asia, who are tested at entry to the country for HCV infection, as a part of the routine medical screening procedure. The state-owned medical facility provides subsidized treatment for HCV for expatriates and Qatar patients alike. This provision of subsidized treatment benefits mostly expatriate workers and has provided us with a large database of chronic HCV patients of different nationalities and diverse genotypes. This large pool of data was used to study the epidemiological characteristics and response to therapy from a genotype perspective. This study further aimed to determine the predictors of sustained virological response (SVR) to treatment with pegylated interferon (Peg-IFN) and ribavirin.
Methods
A retrospective study was conducted from the files of patients referred to the hepatitis clinic of our tertiary care stateowned medical facility. The research and ethics committee of the institution approved the study and a waiver of informed consent was obtained from the Institutional Review Board.
A total of 400 consecutive patients referred with positive hepatitis C serology over a period of 2 years starting from September 2004 were studied using a purposive non-probability sampling technique. Patients were categorized according to HCV genotype. The following patient data was collected: age, sex, nationality, body mass index (BMI) and risk factors for HCV transmission. The risk factors enquired about were history of: blood transfusion or use of blood products, parenteral treatment for schistosomiasis, intravenous drug abuse, major surgery, prolonged hospitalization or haemodialysis. The laboratory data collected included routine haematology, biochemistry including liver function tests and coagulation profile, fibrosis score on liver biopsy, viral load by quantitative polymerase chain reaction (PCR) and HCV genotype. Treatment details, side-effect profile and treatment compliance for each patient was also collected.
The patients had been treated with either Peg-IFN alpha 2a 180 µg/week (Pegasys, Hoffmann-La Roche) or Peg-IFN alpha 2b (Pegintron, Schering Plough) 1.5 µg/kg/week, plus weightadjusted ribavirin daily. Patients infected with HCV genotypes 1 and 4 were treated for 48 weeks with ribavirin 1000 mg daily in patients with weight of ≤ 75 kg or ribavirin 1200 mg daily if weight > 75 kg, while patients infected with HCV genotypes 2 or 3 were treated for 24 weeks with ribavirin 800 mg daily and Peg-IFN, as per American Association for the Study of Liver Diseases guidelines [3] .
Serological testing for HCV antibody was done by enzyme-linked immunosorbent assay (ELISA) (Ortho-Clinical Diagnostics). Serum HCV RNA was detected by reverse transcriptase polymerase chain reaction (RT-PCR-Amplicor Molecular System, Hoffmann-La-Roche) and HCV genotyping was carried out using a line probe assay (Inno-LiPA HCV II, Immunogenetics). Liver biopsy grading and staging was done using the system of Scheuer et al. [4] . Patients with quantitative HCV-RNA with liver biopsy evidence of chronic hepatitis (stage F1 or more) were considered for treatment. Patients with decompensated cirrhosis, pre-existing autoimmune disorders, known psychiatric disorders or focal lesions on abdominal imaging suggestive of hepatocellular carcinoma or elevated α-fetoprotein were excluded from treatment.
Assessment of safety
During treatment, patients were assessed as outpatients with a clinical examination and complete blood count to detect the occurrence of serious adverse effects. Liver function tests-serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST)-were done at 2-week intervals in the first month and then every 4 weeks up to the end of the treatment. Patients were also monitored on the above schedule for adverse events and medication compliance. During treatment, thyroid function and creatinine levels were checked every 12 weeks.
For adverse events related to Peg-IFN, the dose was decreased by 50% temporarily and for ribavirin related side-effects the dose of ribavirin was lowered to 600 mg per day. Full doses could be restarted after the disappearance of side-effects. In the event of adverse events persisting despite support with growth factors, the drug was discontinued. Dose modification was considered when the haemoglobin (Hb) level dropped to < 10 g/dL, neutrophils < 0.75 × 10 3 /mL or platelets < 80 × 10 3 /mL, while drugs were discontinued completely for any patient showing Hb < 8.5 g/mL, neutrophils < 0.5 × 10 3 /mL (despite temporary support with growth factors), platelets < 50 × 10 3 /mL and abnormal thyroid function.
Assessment of efficacy
The measures of efficacy were: end-oftreatment virological response (ETR), which was defined as undetectable HCV-RNA levels by qualitative PCR at the end of treatment; and SVR, defined as absent HCV-RNA by qualitative PCR 24 weeks after completing treatment. We did not include early virological response (EVR)-absence of HCV-RNA after the end of the treatment-as ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السادس‬ ‫املجلد‬ ‫عرش‬ ‫احلادي‬ ‫العدد‬ an outcome measure. EVR was used only as a tool to discontinue expensive treatment for non-responders. Treatment was discontinued for genotypes 1 and 4 patients, if they did not achieve at least a 2-log reduction in viral load, i.e. EVR by 12 weeks of therapy. Patients who attained ETR but who became HCV-RNA positive at the end of 24 weeks after completion of treatment were classified as relapsers and those who were found to be HCV-RNA positive at the end of treatment were classified as non-responders. Those patients who had failed to clear the virus after a full course of standard IFN and were retreated with the combination therapy of Peg-IFN and ribavirin were included in the retreatment group.
Analysis
Data were expressed as mean and standard deviation (SD) 
Results

Baseline data
The demographic, clinical, biochemical, epidemiological, histological and virological features of the 400 patients studied, classified according to their genotypes are presented in Table 1 . As we had only 2 patients with genotype 2 and genotypes 2 and 3 patients typically have a similar duration of treatment and similar response to treatment these groups were combined for analysis. The patient population was multiethnic and multi-national. The patients were mostly from Egypt, the Middle East (native Qataris) and South-East Asia (Pakistanis).
There were 258 patients (64.5%) who reported 1 or more known risk factors for HCV transmission (treatment for schistosomiasis, blood transfusion or family member positive for HCV).
Genotype 4 was the predominant genotype seen in this centre (64.0%) and 203/256 (79.3%) of the genotype 4 patients were of Egyptian origin. The majority of genotype 3 patients (70.1%) were from South-East Asia, mainly Pakistan. Only 242 patients (60.5%) were evaluated for treatment outcome: 171 (42.8%) who had completed the combination treatment and 71 (17.8%) who had discontinued treatment. The reasons for discontinuation of treatment were: absent EVR and discontinuation advised by the physician (45 patients); discontinuation advised by the physician due to side-effects (9 patients); or patient discontinued treatment on their own, without reporting any reason (17 patients). Of the rest, 133 (33.3%) were either on treatment or awaiting treatment after full workup when we analysed the data and had to be excluded from the audit of treatment outcomes. Another 25 patients (6.3%) developed contraindications for treatment and thus could not be started on antiviral treatment.
Of the 242 patients, who were evaluated for treatment outcomes, 212 were naïve to treatment and the remaining 30 patients were nonresponders to previous treatment with standard interferon and ribavirin and hence they were subjected to retreatment with Peg-IFN and ribavirin. Table 2 shows the baseline patient characteristics in the Peg-IFN-treated group according to genotype and treatment outcome. None of the patient characteristics we studied-age, sex, mean ALT, ALT quotient (ALT/40, i.e. average of pretreatment ALT values before treatment, divided by the upper limit of normal), fibrosis score, pretreatment viral load, albumin, platelets, type of IFN used and treatment statuswere significantly different across the genotypes.
Virological response to treatment
The ETR was significantly better (P < 0.002) in patients with HCV genotypes 2/3 (84.7%) than genotypes 1 (47.8%) and 4 (59.3%). Similarity, SVR was significantly better for genotypes 2/3 (79.1%) than genotypes 1 and 4 (45.6% and 51.0%) (P < 0.002) ( Table 2) .
Predictors of treatment response
We looked at many patient factors such as age, sex, ethnic background, fibrosis score [low (F1-F2) versus high (F3-F4)], ALT level, BMI, treatment response and genotype as predictors of response to treatment. Factors which were significant in the univariate analysis-age, fibrosis score, genotype and treatment status (Table 3 )-were included in logistic regression analysis using the multivariate model. Age < 45 years, low fibrosis score (F1-F2), genotypes 2/3 and naïve treatment status were significant predictors of SVR in the final model. Psychiatric side-effects Depression and suicidal ideation were reported in 6 patients. Severe depression with suicidal tendencies requiring stoppage of treatment was found in 3 patients.
Thyroid side-effects
Biochemical thyroid dysfunction was found in 12 patients, which required Only 11 of the 30 patients (36.6%) who were retreated with Peg-IFN and ribavirin after of treatment with standard interferon had achieved SVR.
Adverse effects
Haematological side-effects
The haematological adverse effects were typical of those with Peg-IFN and ribavirin treatment. Neutropoenia requiring dose modification was seen in 41 (16.9%) patients and 5 of these patients required support with growth factors to avoid significant dose reduction. Mild neutropoenia not requiring any dose modification was seen in another 72 patients (29.8%) in the initial weeks of treatment, which later stabilized without further deterioration. Thrombocytopoenia was reported in 35 patients, who required dose modification. Anaemia was seen in 32 patients, who required reduction in the dose of ribavirin. Three (3) patients discontinued treatment temporary suspension of Peg-IFN therapy and correction of the thyroid profile with appropriate intervention. One patient discontinued treatment due to persistent thyroid abnormalities.
Dermatological side-effects
Skin related side-effects were noted in 3 patients and severe skin reactions necessitating stoppage of therapy was seen in 1 patient.
Autoimmune side effects
One patient developed severe IFNinduced polymyositis with significant muscle weakness requiring stoppage of treatment and institution of steroid therapy [5] .
Discussion
Our demographic data shows a predominance of genotype 4 patients. These patients were mainly from the large pool of Egyptian expatriates in our patient population, who form a major workforce in Qatar; 203/256 (79.3%) of the genotype 4 patients were of Egyptian origin. This is the major genotype seen among Egyptians [6] . Almost two-thirds of our patients reported some known risk factors for HCV transmission, such as treatment for schistosomiasis [7] , blood transfusion or another family member being known to be positive for HCV. Intrafamilial transmission has been reported as a possible route of transmission in Egypt [8] . Among our patients with genotype 3, 70.1% were expatriates from Pakistan. The predominance of genotype 3 infection in South-East Asia is well documented [9] . Of the 242 patients who could be evaluated for response to therapy, 171 completed the entire course of prescribed antiviral treatment. As per the guidelines in our centre, 45 patients with absent EVR at 12 weeks had their treatment discontinued, since their chance of obtaining SVR was very remote [10] .
Several host and viral factors have been reported to affect the response to Peg-IFN therapy [11] . Younger age was a significant factor in predicting response in our study and this is similar to the experience from other studies [12] . We found that age < 45 years was associated with SVR in both univariate and multivariate analysis. We did not find that BMI affected SVR. However, there are reports of obesity being a negative predictor of response [13] . At the same time, there are studies which do not support the relationship between BMI and SVR [14] .
Ethnicity has been reported as a factor predicting SVR [15, 16] . In the univariate analysis we found that patients of South-East Asian origin had a significantly better response but this was not confirmed in the multivariate model. The predominance of genotype 3, which is an easy-to-treat genotype among South-East Asians, might have confounded the results here. High fibrosis score on liver biopsy has been shown to be a negative predictor of response [17] . We found that a fibrosis score greater than F2 was a predictor of poor response in both the univariate and multivariate analyses.
The ETR and SVR rates were significantly better in the patients infected with HCV genotypes 2/3 in comparison with genotypes 1 and 4. Genotypes 2/3 were also found to be significant predictors of favourable response to treatment in both the univariate and multivariate analyses. Genotype 1 was a significant predictor of poor response in several studies [18] . Reports from South-East Asia where genotype 3 is the dominant genotype have shown an SVR of over 80% [19] . We had similar SVR rates among our genotype 3 patients. Genotype 4 is known to be a difficult genotype to treat [20] and the SVR we obtained was similar to the SVR rates in genotype 1.
Patients who underwent retreatment for relapse or non-response to previous treatment with standard interferon had a poor SVR; retreatment was also a significant predictor of suboptimal SVR. SVR rates among patients who undergo retreatment have been reported to be 23% in non-responders and 41% ing relapsers [21] . The overall SVR rate in our retreated patients was 35.7%.
In short, we conclude that in our large volume of clinical experience, variables such as sex, ethnicity, baseline ALT levels, BMI and viral load did not predict SVR. In contrast, factors such as young age, low fibrosis score on liver biopsy, naïve treatment status and, most significantly, infection with HCV genotypes 2 or 3 were associated with SVR.
The retrospective design of our study notwithstanding, we believe that the findings of our study will assist clinicians in prognosis prior to embarking on prolonged and expensive antiviral treatment for chronic HCV.
